I. Introduction
Thrombomodulin (TM) is a kind of natural anticoagulant [3, 9] . TM is expressed throughout the vascular and lymphatic endothelium, and on syncytiotrophoblasts of the placenta in humans [5, 15] . At those sites, TM plays an important role in an anticoagulation system. In our previous study, we found that TM was expressed also in the squamous epithelium of epidermis, except in the basal layer cells, mainly at the intercellular bridges [16] . Our recent study [14] revealed positive TM expression in esophageal squamous cell carcinoma (SCC), and an inverse correlation of the TM expression with the lymph node metastasis. SCC cells positive for TM expression were significantly rarer in the metastatic lesions than in the primary tumors. This phenomenon suggests that a reduction of TM expression plays an important role in the lymph node metastatic process of esophageal SCC. To investigate the detailed mechanism of TM expression in SCC cells and its relationship with metastasis, experimental studies using esophageal SCC cell lines are needed. The present preliminary study indicated that esophageal SCC cell lines produced the same TM molecule as human endothelial cell line. Furthermore TM activity assay of esophageal SCC cell lines in this study demonstrated that the cancer cells positive for TM have anticoagulant activity.
II. Materials and Methods

Cultured cells
Four types of cell lines were examined. Human um-bilical vein endothelial cell (HUVEC) and A431 derived from a SCC of vulva were purchased from Dainippon Medicine LTD. (Tokyo, Japan). TE1 and TE2 derived from esophageal SCCs were established as described previously [8] .
Antibodies Rabbit antiserum against TM was obtained as described previously [5] . The antiserum was isolated from rabbit serum using protein A Sepharose and was monospecific as determined by Western blotting.
Biotinylated affinitypurified goat anti-rabbit immunoglobulin G (IgG) and avidin-biotinylated horseradish peroxidase (ABC) complex were purchased from Vector Laboratories (Burlingame, CA, U.S.A.) as the Vectastain Elite ABC kit.
Immunocytochemistry
of cultured cells HUVEC, A431, TE1, and TE2 were cultured on culture plates, washed three times with 0.01 M phosphate buffered saline, pH 7.4 (PBS), and fixed in methanol using Rapid Spray (Muto Pure Chemicals LTD., Tokyo, Japan). Immunocytochemical staining was performed by an immunoperoxidase method using ABC complex as described previously [15, 16] . 
III. Results
Immunocytochemistry
All the cultured cell lines examined (HUVEC , A431, TE1, and TE2) showed positive TM expression. In TE1 and TE2, TM was expressed mainly at the cell membrane ( Fig.  1-A,  C) . The immunostaining was always negative in the control specimens stained by using normal rabbit serum ( Fig.  1-B (Fig.3) . Functional assay of thrombomodulin in cultured cells Table 1 shows that a considerable amount of thrombin-catalyzed protein C activity was recovered on the cell surface of the esophageal SCC cell lines as well as on the cell surface of the endothelial cells. The results indicate that TM acts as an anticoagulant not only in the endothelial cells but also in the SCC cells.
IV. Discussion
The results of immunocytochemistry, Western blots and Northern blots in the present study demonstrated that the esophageal cancer cell lines (TE1 and TE2) as well as the vaginal cancer cell line (A431) produced the same TM molecule as the endothelial cell line (HUVEC). The confirmation of TM expression in the SCC cell lines in this study may support the presence of TM in squamous epithelium of human tissue and also the expression of TM in esophageal SCCs in our previous immunohistochemical studies [14, 16] .
Our recent study indicated that decrease of TM expression is associated with metastasis of the SCC cells [14] . This phenomenon is very similar to that of E-cadherin in SCCs of the esophagus [4] and of the head and neck region [10] , although the molecular structure of TM [12] is quite different from that of E-cadherin [13] . Also in a human esophageal SCC cell line, loss or dysfunction of Ecadherin has been shown to diminish intercellular adhesion and result in the acquisition of invasive capability [2] . We speculated that esophageal cancer cells negative for TM expression may have weak cell-cell adhesion which induces easy detachment of cancer cells. The present study confirmed TM expression in esophageal SCC cell lines. Further experimental investigations using these cell lines will clarify the nature of the cell-cell adhesion mediated by TM.
Blood coagulation has been shown to play an important role in the metastatic process. It has been reported that anticoagulant activity of warfarin significantly lowered the numbers of tumor metastases [1]. On the other hand, thrombin plays an important role in the adhesion of cancer cells to endothelial cells through fibrin formation and platelet activation [7] . Our activity assay of TM in the cultured SCC cells demonstrated that SCC cells have anticoagulant activity similarly to endothelial cells, as shown in Table1.
Since TM is a natural anticoagulant , 
